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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a silicon single crystal and a silicon wafer with 
extremely low defect density throughout the crystal by CZ process while maintaining their 
high productivity, along with improving the in-plane oxygen concentration distribution of the 
wafer. 

SOLUTION: This method for producing a silicon single crystal by C20chralski(CZ) process 
comprises pulling up a silicon single crystal being in growth so that the contour of the solid- 
liquid interface in the crystal comes within ±5 mm relative to the average of the solid-liquid 
interface except the periphery 5 mm; wherein for the value of temperature gradient G 
(temperature change/ axial crystal length) [ C/cm] in the proximity of the above interface 
from 1,420°C to 1,350°C or from the melting point of silicon to 1,400°C, in-oven 
temperature is controlled so that AG comes within 5°C/cm {AG=(Ge-Gc); Gc is the 
temperature gradient in the central portion of the crystal [°C/cm]; Ge is the temperature 
gradient in the peripheral portion of the crystal [°C/cm]}. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon single crystal characterized by pulling up so that 
the configuration of the solid-hquid interface under crystal may be set to less than **5nim to the 
average of a solid-Uquid interface at the time of crystal growth, the silicon single crystal raised when 
manufacturing a silicon single crystal with the Czochrlski method removing 5mm of circumferences. 

[Claim 2] [ when manufacturing a sihcon single crystal with the Czochrlski method ] The silicon 
single crystal raised at the time of crystal growth the value of temperature gradient [ between 1400 
degrees C ] G (temperature variation / crystal orientation die length) [**/cm] from tiie temperature 
gradient between 1420 degrees C and 1350 degrees C near [ imder crystal ] the solid-liquid interface, 
or the melting point of silicon The manufacture approach of the silicon single crystal characterized 
by controlling whenever [ fiimace temperature ] so that **G is set to cm in less than 5 degrees 
C /when expressed with difference **G= (germanium-Gc) of the temperature gradient Gc of a 
crystal center part [**/cm], and the temperature gradient germanium of a crystal circumference part 
[**/cm]. 

[Claim 3] [ when manufacturing a silicon single crystal with the Czochrlski method which impressed 
the magnetic field ] The silicon single crystal raised at the time of crystal growth the value of 
temperature gradient [ between 1400 degrees C ] G (temperature variation / crystal orientation die 
length) [**/cm] from the temperature gradient between 1420 degrees C and 1350 degrees C near 
[ under crystal ] the solid-hquid interface, or the melting point of silicon The manufacture approach 
of the silicon single crystal characterized by controlling whenever [ furnace temperature ] so that 
**G is set to cm in less than 5 degrees C /when expressed with difference **G= (germanium-Gc) of 
the temperature gradient Gc of a crystal center part [**/cm], and the temperature gradient 
germanium of a crystal circumference part [**/cm]. 

[Claim 4] The manufacture approach of the silicon single crystal according to claim 3 characterized 
by making said magnetic field impressed into a level magnetic field. 

[Claim 5] The manufacture approach of the silicon single crystal according to claim 3 or 4 
characterized by making reinforcement of the magnetic field to impress more than 2000G. 
[Claim 6] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 
thru/or claim 5 characterized by controlling so that the die length of the crystal of the temperature 
region from 1300 degrees C to 1000 degrees C under said crystal is set to 8cm or less. 
[Claim 7] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 
thru/or claim 6 characterized by controlling so that the time amount which passes through the 
temperature region from 1300 degrees C to 1000 degrees C under said crystal becomes 80 or less 
minutes. 

[Claim 8] Pull up from the temperature gradient between 1420 degrees C and 1350 degrees C near 
[ under said crystal ] the solid-hquid interface, or the melting point of sihcon with the temperature 
gradient G between 1400 degrees C, and a rate is adjusted. The pull-up condition of the whole 
crystal surface is doubled with the boundary neighborhood of a bay can C rich field and an 
INTASUTI sial rich field. The manufacture approach of the silicon single crystal indicated in any 1 
term of claim 1 thru/or claim 7 characterized by raising the whole surface of a crystal in a neutral 
field with few biases of defective concentration. 
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[Claim 9] In the equipment which manufactures a silicon single crystal with the Czochrlski method 
The silicon single crystal raised at the time of crystal growth the value of temperature gradient 
[ between 1400 degrees C ] G (temperature variation / crystal orientation die length) [**/cm] from 
the temperature gradient between 1420 degrees C and 1350 degrees C near [ under crystal ] the 
solid-liquid interface, or the melting point of silicon The manufacturing installation of a silicon 
single crystal characterized by forming whenever [ furnace temperature ] so that **G may be set to 
cm in less than 5 degrees C /when expressed with difference **G= (germanium-Gc) of the 
temperature gradient Gc of a crystal center part [**/cm], and the temperature gradient germanium of 
a crystal circumference part [**/cm]. 

[Claim 10] In the equipment which manufactures a silicon single crystal with the Czochrlski method 
which impressed the magnetic field The silicon single crystal raised at the time of crystal growth the 
value of temperature gradient [ between 1400 degrees C ] G (temperature variation / crystal 
orientation die length) [**/cm] from the temperature gradient between 1420 degrees C and 1350 
degrees C near [ imder crystal ] the solid-liquid interface, or the melting point of silicon The 
manufacturing installation of a silicon single crystal characterized by forming whenever [ furnace 
temperature ] so that **G may be set to cm in less than 5 degrees C /when expressed with difference 

(germanium-Gc) of the temperature gradient Gc of a crystal center part [**/cm], and the 
temperature gradient germanium of a crystal circumference part [**/cm]. 

[Claim 1 1] The manufacturing installation of the silicon single crystal indicated to claim 9 or claim 
10 which arranges a solid-liquid interface heat insulator so that a silicon single crystal may be 
surrounded right above [ of silicon melting liquid / surface-of-hot- water ] in the equipment which 
manufactures a silicon single crystal with the Czochrlski method, and is characterized by setting to 
3-5cm the clearance between the lower limits of a solid-liquid interface heat insulator and the 
surfaces of hot water which surrounded the silicon single crystal. 

[Claim 12] The silicon single crystal manufactured by the approach indicated in any 1 term of claim 
1 thru/or claim 8. 

[Claim 13] The silicon single crystal manufactured by the equipment indicated in any 1 term of 
claim 9 thru/or claim 1 1 . 

[Claim 14] The silicon single crystal characterized by being the silicon single crystal raised by the 
Czochrlski method, and oxygen density distribution of a direction perpendicular to the growth 
direction being 5% or less. 

[Claim 15] A FPD consistency is 2 100 pieces/cm. It is the following and, for size, the SEPD 
consistency of 10 micrometers or more is 2 ten pieces/cm. Silicon wafer characterized by being the 
following. 

[Claim 16] The silicon wafer of claim 15 with which the field internal division cloth of an oxygen 
density is characterized by being 5% or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has few crystal defects and oxygen density distribution is 
related with the silicon single crystal and silicon wafer which were manufactured by the imiform 
manufacture approach of a silicon single crystal, the manufacturing installation, and the list with this 
approach and equipment. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (CZ process) used as the substrate has been increasing with 
detailed-izing of the component accompanying high integration of a semiconductor circuit. The 
consistency of a defect and the reduction of size which are especially called grown-in (Grown-in) 
defects, such as FPD, LSTD, and COP, are demanded. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a siUcon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (lew) will exist. And with [ even if said 
grown-in defect (FPD, LSTD, COP) occurs when V and I are in a condition / ****** / to the last, 
and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as a 
defect. 

[0005] The concentration of both this point defect is decided fi'om the pull-up rate of the crystal in a 
CZ process, and relation (refer to drawing 4 ) with the temperature gradient G near [ under crystal ] 
the solid-liquid interface, it has been accepted theory that existence of the defect of the another kind 
called OSF near [ boundary ] V field and an I region is checked (Erich Domberger and Wilfi*ed 
vonAmmon, J.Electrochem.Soc, and Vol.143 — ) No.5, May 1996., T.Abe, H.Harada, J.Chikawa, 
Paper presented at ICDS-12 Amsterdam, August31-September3, 1982 reference. 
[0006] In these, the conventional raising method is V which is the field where the idea that neither a 
manufacturing cost nor OSF exists to a crystal growth rate is quick. - Many manufactures in the field 
called as it is rich were performed, the defect in the crystal of this field was controlled for the heat 
history under pull-up etc., and reduction-ization was attained. For example, it is the approach of 
lengthening 1 150-1080-degree C pass time, and FPD etc. reducing the consistency of the defect 
considered to be the assembly of V, and improving the oxide-film proof-pressure property which can 
perform evaluation near a device property. However, in the ways of controlling the heat history 
under pull-up (pass time of one of temperature zone regions), such as such an approach, even if it 
can reduce the consistency of a defect, defective size expands it, and it has turned out that the total 
defective whole product is not decreasing recently. 

[0007] So, recently, although it increases, it pulls up for upgrading, and a rate is lowered, or the 
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temperature gradient near [ under crystal ] the solid-liquid interface is enlarged as much as possible, 
and a manufacturing cost is I to some or the whole surface of a crystal. - The attempt for which 
defects called as it is rich, such as FPD, LSTD, and COP, use the field seldom observed is being 
made. However, in a place which is distant fi-om the border area of V and I also in an I-rich field by 
the latest research, it tumed out that the defect called large SEPD considered to be the dislocation 
loop which the superfluous silicon between grids gathers and is formed exists. This large SEPD 
(henceforth L-SEPD) has a possibility of having a bad influence on the property of a device fi-om 
FPD, LSTD, COP, etc. which exist in V field, 

[0008] On the other hand, high integration of a semiconductor device is asking also for the 
homogeneous demand within a silicon wafer side, and in order that oxygen density distribution may 
have direct effect on the device yield produced especially, to be distributed over homogeneity is 
desired especially in a wafer side. Although various things, such as convection current of silicon 
melt, gas ambient atmosphere conditions or crystal rotation, and rotation of a cracible, can be 
considered, since it be cooled in the periphery of the outside of a crystal rod which grow especially, 
and an inside core and easy differ as a cause by which the oxygen density distribution within the 
silicon wafer side manufactured with the Czochrlski method get worse, it be mentioned that a crystal 
grovs^h interface ( solid-liquid interface) do not become Taira and others. 
[0009] That is, since the inside is hard to be cooled, growth becomes the thing of a convex 
configuration at delay and the bottom, and in the field of the wafer which sliced and obtained this, 
since growth stages differ, the crystal growth interface in the Czochrlski method will usually have 
striation. Consequently, in a wafer side, it will have distribution according to fluctuation of the 
oxygen density in the crystal growth direction. 

[0010] However, in the approach of pulling up and manufacturing a rod-Uke single crystal rod with 
the Czochrlski method, the fluctuation of an oxygen density based on such an interface configuration 
and distribution should take place inevitably, and were conventionally considered to be an 
unavoidable thing. Therefore, the fluctuation and distribution based on that and an interface 
configuration just in the difference of extent tend to improve the oxygen density distribution within a 
wafer side as much as possible by controlling other factors, such as said crystal rotation, when had. 
[0011] 

[Problem(s) to be Solved by the Invention] This invention was not made in view of such a trouble, 
and it aims at doubling and improving the oxygen density distribution within a field of a silicon 
wafer while it obtains the silicon single crystal and wafer by the CZ process in which neither a V- 
rich field nor an I-rich field exists and which it. continues all over a crystal and is super-low defect 
density, maintaining the sex from Takao. 
[0012] 

[Means for Solving the Problem] The silicon single crystal raised when manufacturing a silicon 
single crystal with the Czochrlski method is the manufacture approach of a silicon single crystal that 
the configuration of the solid-liquid interface under crystal is characterized by pulling up invention 
which it was accompUshed in order that this invention might attain said purpose, and was indicated 
to claim 1 of this invention at the time of crystal growth so that it may be set to less than **5mm to 
the average of a solid- liquid interface except for 5mm of circumferences. 

[0013] Thus, if flattening of the crystal growth interface (solid-Uquid interface) configuration is 
carried out so that it may be set to less than **5nmi to the average of a solid-liquid interface except 
for 5mm of circumferences, and a crystal is pulled up, while becoming possible to pull up a crystal in 
the neutral region where a V-rich field with many defects and an I-rich field are not intermingled, the 
oxygen density distribution within a wafer side is remarkably improvable. It is because having 
removed 5mm of circimiferences is changing rapidly and the configuration of a solid-liquid interface 
is not stabilized in this field. 

[0014] Moreover, invention indicated to claim 2 of this invention is set when manufacturing a silicon 
single crystal by the CZ process. The silicon single crystal raised at the time of crystal grovs^ the 
value of temperature gradient [ between 1400 degrees C ] G (temperature variation / crystal 
orientation die length) [**/cm] from the temperature gradient between 1420 degrees C and 1350 
degrees C near [ under crystal ] the solid-Uquid interface, or the melting point of silicon When 
expressed with difference **G= (germanium-Gc) of the temperature gradient Gc of a crystal center 
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part [**/cm], and the temperature gradient germanixim of a crystal circumference part [**/cm], 
whenever [ furnace temperature ] was controlled so that **G was set to cm in less than 5 degrees C /. 

[0015] At the time of crystal growth, thus, by the so-called adjustment of a hot zone (henceforth HZ) 
Namely, if whenever [ furnace temperature ] is controlled so tihat **G is set to cm in less than 5 
degrees C /when expressed with difference **G= (germanium-Gc) of the temperature gradient Gc of 
a crystal center part [**/cm], and the temperature gradient germanium of a crystal circumference part 
[**/cm] Since a pull-up only in N field which exists between a V-rich field and an I-rich field is 
enabled and the pull-up rate can be decided In the neutral region where a V-rich field with many 
defects and an I-rich field are not intermingled, it continues all over a crystal, and the silicon single 
crystal and wafer by the CZ process which is super-low defect density can be manufactured, 
maintaining the sex from Takao by the stable state. And by carrying out difference **G of a 
temperature gradient in less than 5 degrees C/cm in this way, except for 5mm of circumferences, 
flattening of the solid-liquid interface configuration at the time of crystal training can be carried out 
to less than **5mm to the average of a solid-liquid interface, and oxygen density distribution can be 
improved. In this case, although the temperature gradient between 1400 degrees C may be used from 
the melting point of silicon, using the temperature gradient between 1420 degrees C and 1350 
degrees C as temperature gradient [ near / under crystal / the solid-liquid interface ] G (temperature 
variation / crystal orientation die length) [**/cm], control with more exact using the temperature 
gradient between 1400 degrees C from the melting point of silicon can be carried out. 
[0016] Next, invention indicated to claim 3 of this invention is set when manufacturing a silicon . 
single crystal with the Czochrlski method which impressed the magnetic field. The silicon single 
crystal raised at the time of crystal growth the value of temperature gradient [ between 1400 degrees 
C ] G (temperature variation / crystal orientation die length) [**/cm] from the temperature gradient 
between 1420 degrees C and 1350 degrees C near [ under crystal ] the solid-liquid interface, or the 
melting point of silicon When expressed with difference **G= (germanixmi-Gc) of the temperature 
gradient Gc of a crystal center part [**/cm], and the temperature gradient germaniimi of a crystal 
circumference part [**/cm], it is the manufacture approach of the silicon single crystal characterized 
by controlling whenever [ furnace temperature ] so that **G is set to cm in less than 5 degrees C /. 
[0017] Thus, if **G pulls up a crystal in the Czochrlski method which impressed the magnetic field 
as it is set to cm in less than 5 degrees C /, since N field will become [ breadth and its control range ] 
large, the silicon single crystal and silicon wafer which do not almost have a crystal defect more 
simply can be manufactured. 

[0018] In this case, as are indicated to claim 4, and the magnetic field impressed is made into a level 
magnetic field and indicated to claim 5, it is desirable to make reinforcement of the magnetic field to 
impress more than 2000G. While controlling the convection current of silicon melt and extending N 
field, in order to carry out flattening of the solid-liquid interface configuration, the level magnetic 
field is more desirable than a vertical magnetic field or a cusp field, and it is because there is little 
magnetic field impression effectiveness in less than [ 2000G ]. 

[0019] And in this invention, it is desirable to control so that the crystal die length of the temperature 
region from 1300 degrees C to 1000 degrees C under crystal is set to 8cm or less (claim 6), and to 
control so that the time amoxmt which passes through the temperature region from 1300 degrees C to 
1000 degrees C under crystal becomes 80 or less minutes (claim 7). 

[0020] By [ which specified the temperature gradient or pull-up rate of a solid-state crystal part 
above the solid-liquid interface under said crystal ] pulling up, being conditions and carrying out like 
this, the absolute value of a temperature gradient G itself becomes large, and it can pull up this in a 
neutral field also with a high pull-up rate. 

[0021] When the crystal die length of the temperature region from 1300 degrees C to 1000 degrees C 
under crystal exceeds 8cm, the absolute value of a temperature gradient G becomes small, and it 
continues all over a crystal only at an extremely late raising rate, and it becomes impossible to obtain 
the silicon single crystal and wafer which are super-low defect density, if the absolute value of a 
temperature gradient G tends to become small, it is going to continue all over a crystal and it is going 
to obtain the silicon single crystal and wafer which are super-low defect density, even when similarly 
the time amount which passes through the temperature region from 1300 degrees C to 1000 degrees 
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C under crystal exceeds 80 minutes — a raising rate — late — not carrying out — it does not obtain but 
it becomes difficult to maintain the sex from Takao by the stable state. 

[0022] Moreover, invention indicated to claim 8 of this invention pulls up firom the temperature 
gradient between 1420 degrees C and 1350 degrees C near [ under crystal ] the solid-liquid interface, 
or the melting point of silicon with the temperature gradient G between 1400 degrees C, and adjusts 
a rate. The pull-up condition of the whole crystal surface is doubled with the boundary neighborhood 
of V and a rich field, and an I and a rich field, and it is made to perform the whole surface of a 
crystal in a neutral (N, neutrality) field with few biases of defective concentration. 
[0023] When the crystal was pulled up by the approach of not taking into consideration the concept 
of the conventional N field at all, difference **G= (germanium-Gc) of a temperature gradient was 
not able to become large, and was not able to make only N field in the crystal face, but as described 
above, while controlling to **G=(germanium-Gc) <=5[**/cm], N field came be made on all over the 
crystal by adjusting a pull-up rate. By carrying out like this, there is little any generating of the defect 
of V and I, defective concentration is low on the whole surface of a crystal, a neutral field with few 
the bias is obtained, and the stable quality is secured. 

[0024] Next, invention indicated to claim 9 of this invention is set to the equipment which 
manufactures a silicon single crystal with the Czochrlski method. The silicon single crystal raised at 
the time of crystal growth the value of temperature gradient [ between 1400 degrees C ] G 
(temperature variation / crystal orientation die length) [**/cm] firom the temperature gradient 
between 1420 degrees C and 1350 degrees C near [ under crystal ] the solid-liquid interface, or the 
melting point of silicon When expressed with difference **G= (germanium-Gc) of the temperature 
gradient Gc of a crystal center part [**/cm], and the temperature gradient germanium of a crystal 
circumference part [**/cm], it is the manufacturing installation of a silicon single crystal 
characterized by forming whenever [ fiimace temperature ] so that **G may be set to cm in less than 
5 degrees C /. 

[0025] Moreover, invention indicated to claim 10 of this invention In the equipment which 
manufactures a silicon single crystal with the Czochrlski method which impressed the magnetic field 
The silicon single crystal raised at the time of crystal growth the value of temperature gradient 
[ between 1400 degrees C ] G (temperature variation / crystal orientation die length) [**/cm] firom 
the temperature gradie;nt between 1420 degrees C and 1350 degrees C near [ under crystal ] the 
solid-liquid interface, or the melting point of silicon When expressed with difference **G= 
(germanium-Gc) of the temperature gradient Gc of a crystal center part [**/cm], and the temperature 
gradient germanium of a crystal circumference part [**/cm], it is the manufacturing installation of a 
silicon single crystal characterized by forming whenever [ fiimace temperature ] so that **G may be 
set to cm in less than 5 degrees C /. 

[0026] And invention indicated to claim 1 1 of this invention is equipment according to claim 9 or 10, 
and is a manufacturing installation of a silicon single crystal which arranges a solid-liquid interface 
heat insulator so that a silicon single crystal may be surrounded right above [ of silicon melting 
liquid / surface-of-hot-water ], and is characterized by setting to 3 -5cm the clearance between the 
lower limits of a solid-liquid interface heat insulator and the surfaces of hot water which surrounded 
the silicon single crystal in the equipment which manufactures a silicon single crystal with the 
Czochrlski method. 

[0027] Thus, if **G is the equipment set to cm in less than 5 degrees C /, especially equipment 
which impressed the magnetic field, it will become possible to pull up a crystal only in N field 
without a crystal defect. For example, if it is made the structure which prepared the 3-5cm clearance 
and installed the solid-liquid interface heat insulator lower limit which surround HZ from the surface 
of hot water The radiant heat of a heater hits a solid-liquid interface enough, and it becomes possible 
to form the manufacturing installation of the silicon single crystal which can control [ cm ] 
difference **G= (germanium-Gc) of the temperature gradient near the solid-Uquid interface in 5 
degrees C /or less. As a result, it is stabilized and the sihcon single crystal and silicon wafer of very 
Uttle quality of a crystal defect can be manufactured. 

[0028] The thermal radiation from a heater etc. becomes inadequate, when the clearance between 
this solid-Uquid interface heat insulator lower limit and surface of hot water is less than 3cm, and it 
becomes the value to which difference **G= (germanium-Gc) of the temperature gradient near the 
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solid-liquid interface exceeds cm in 5 degrees C /as a result, and it continues all over a crystal and it 
becomes impossible to be the neutral region where a V-rich field with many defects and an I-rich 
field are not intermingled, and to make the silicon single crystal and wafer which are super-low 
defect density. On the other hand, when the clearance between this solid-liquid interface heat 
insulator lower limit and surface of hot water exceeds 5cm, in order for the value of the temperature 
gradient G itself to become small, to continue all over a crystal inevitably and to obtain the sihcon 
single crystal and wafer which are super-low defect density, it will be necessary to pull up and to 
make a rate extremely late, and, now, it is difficult [ it ] to maintain the sex fi^om Takao by the stable 
state. 

[0029] Furthermore, invention indicated to claim 12 of this invention and claim 13 is the silicon 
single crystal manufactured by the equipment indicated in any 1 term of the approach indicated in 
any 1 term of said claim 1 thru/or claim 8 or claim 9 thru/or claim 1 1 . 

[0030] Thus, while there are very few crystal defects, such as FPD, LSTD, COP, and L-SEPD, since 
a crystal can be stably pulled up in N field if a silicon single crystal is manufactured with the 
equipment indicated in any 1 term of the approach indicated in any 1 term of said claim 1 thru/or 
claim 8 and claim 9 thru/or claim 11, the silicon single crystal which has improved the oxygen 
density distribution within a wafer side can be manufactured. 

[0031] Next, it is the silicon single crystal characterized by for invention indicated to claim 14 of this 
invention being the silicon single crystal raised by the Czochrlski method, and oxygen density 
distribution of a direction perpendicular to the growth direction being 5% or less. Thus, in this 
invention, since **G is carried out in less than 5 degrees C/cm and flattening of the solid-Uquid 
interface configuration is carried out, a silicon single crystal with uniform oxygen density 
distribution can be obtained. Especially, in this invention, most one single crystal rod will become 
uniform in a direction (wafer side inboard after a slice) perpendicular to the growth direction. 
[0032] And for invention indicated to claim 15 of this invention, a FPD consistency is 2 100 
pieces/cm. It is the following and, for size, the SEPD consistency of 10 micrometers or more is 2 ten 
pieces/cm. It is the silicon wafer characterized by being the following. 
[0033] Thus, the silicon wafer produced fi-om the silicon single crystal manufactured by this 
invention has very few grown-in defects, such as FPD, LSTD, COP, and L-SEPD, and they can use 
it as a very usefiil silicon wafer. 

[0034] And as indicated to claim 16, the silicon wafer of this invention can also make the field 
intemal division cloth of an oxygen density 5% or less while having few crystal defects. Although 
the method of a display here of the field intemal division.cloth of an oxygen density has various 
things, in this invention, the maximum measured in the field, the value [ or ] which broke the 
difference of the minimum value by maximum, the maximum measured in the field, or the value 
which broke the difference of the minimum value by the average can be made into 5% or less. 
[0035] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken fi-om each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer fi-om the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattem arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattem is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4-192345,A). 

[0036] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattem for the thing accompanied by a flow pattem (flow 
pattem) with SEPD. When it is thought in this that large SEPD 10 micrometers or more originates in 
a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks through this 
rearrangement and it stops achieving the function as a P-N jimction. 

[0037] 3) Cut down a wafer fi-om the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering TomographyDefect) after etching and removing a surface 
distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infirared light 
can be carried out fi-om this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out firom the wafer firont face. About the scatterer 
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observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge (J. 
J.A.P. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
also reported by the latest research. 

[0038] 4) the defect which becomes the cause of degrading oxide film pressxire-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) ~ it is — Secco ~ by ammonia hydrogen- 
peroxide-solution washing (washing by die mixed Uquor of NH4 OH:H2 02:H2 0=1 : 1-2:5-7), the 
defect set to FPD if dirty works as a selection etching solution, and is set to COP. The diameter of 
this pit is investigated with light scattering measurement by 1 micrometer or less. 
[0039] the place which this invention persons investigated in the detail about the boundary 
neighborhood of V field and an I region about the silicon single crystal growth by the CZ process — 
**** of this boundary neighborhood ~ the narrow field had few FPD(s), LSTD(s), and COP 
remarkably, and it discovered that there was a neutral field where big SEPD does not exist, either. 
[0040] Then, when this neutral field could be extended all over the wafer, it was conceived that a 
point defect could be reduced sharply, as shown in drawing 4 , the main factors which determine 
concentration distribution of the point defect within a field in said growth (pull-up) rate and relation 
of a temperature gradient which were carried out since a pull-up rate is about 1 law in the wafer side 
of a crystal are temperature gradients. That is, in the wafer side, on the problem, when that a 
difference is in the temperature gradient of shaft orientations could reduce this difference, it found 
out that the concentration difference of the point defect within a wafer side could also be reduced. 
[0041] And when abolishing the difference of the temperature gradient of shaft orientations in the 
wafer side in this way, it turned out that flattening of the solid- Uquid interface of a pull-up silicon 
single crystal can be carried out, and an improvement of the oxygen density distribution within a 
wafer side can also be performed. 

[0042] Here, when the difference of the temperature gradient Gc of the crystal center section and the 
temperature gradient germanium of a crystal circumference part as shovm in drawing 5 in the case of 
an approach to pull up usual was investigated, those with at least 15 degree C/cm, and when the 
absolute value of a temperature gradient G was enlarged especially, it was checked for (germanium- 
Gc) by (germanium-Gc) breadth and that there is occasionally a difference also cm in 40 degrees C /. 

[0043] Thus, if a difference is in the temperature gradient of the crystal center section and a 
circumference part, like drawing 5 , the configuration of the soUd-Uquid interface (crystal growth 
interface) 4 will not become, but flatness will turn in a convex configuration up. And if there is 
difference **G of a temperature gradient also cm in 15 degrees C /as mentioned above, the solid- 
liquid interface of a core will come to exceed **5mm to the average of a solid-liquid interface except 
for 5mm of circumferences. Therefore, in the field of the wafer which was sliced and was obtained 
fi-om the crystal rod by such the conventional Czochrlski method, it will have the striation resulting 
from growth stages differing, and will have distribution according to fluctuation of the oxygen 
density in the crystal growth direction. 

[0044] The approach of reducing the difference of a temperature gradient G then, for example The 
comprehensive heat transfer analysis software (F. 33 Dupret, P.Nicodeme, Y.Ryckmans, P.Wouters, 
and M.J.Crochet, IntJ.Heat Mass Transfer, 1849 (1990)) called FEMAG When it is used and 
investigates wholeheartedly, as shown in drawing 6 , the range of 1400 degrees C is kept warm with 
a heat insulator from the melting point of 1420-1350 degrees C which is the pyrosphere of a crystal, 
or silicon. Moreover, near the solid- liquid interface, the radiant heat from melt was applied directly, 
and, on the other hand, this showed that what is necessary was just to cool a low-temperature part as 
much as possible. 

[0045] If a 3-5cm clearance is prepared and installed between the lower limits of a solid-liquid 
interface heat insulator and the surfaces of hot water which have specifically arranged the solid- 
liquid interface heat insulator so that a silicon single crystal may be surrounded right above [ of 
silicon melting liquid / surface-of-hot- water ], and surrounded the silicon single crystal The radiant 
heat of a heater hit the solid-Uquid interface enough, the heat distribution from which difference 
**G= (germanixun-Gc) of a temperature gradient like drawing 3 which showed the relation between 
a crystal growth rate and a temperature gradient is set to cm in 5 degrees C /or less was formed, and 
it became clear that a hot zone with few V and I defects exists. 
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[0046] In an approach to pull up a silicon single crystal Therefore, the above temperature gradients. 
Namely, the value of temperature gradient [ between 1400 degrees C ] G (temperature variation / 
crystal orientation die length) [**/cm] from the temperature gradient between 1420 degrees C 
(melting point of silicon), and 1350 degrees C near [ under crystal ] the solid-liquid interface, or the 
melting point of silicon If HZ adjusts whenever [ furnace temperature ] so that **G may be set to cm 
in less than 5 degrees C /when expressed with difference **G= (germanium-Gc) of the temperature 
gradient Gc of a crystal center part [**/cm], and the temperature gradient germanium of a crystal 
circumference part [**/cm] The pull-up rate of the crystal of N field which exists between V rich 
field and I rich field can be decided, the whole wafer surface becomes neutral, and most point 
defects are no longer seen (R> drawing 4 4 reference). 

[0047] Also in **G<=5 degree-C/cm HZ, the single crystal of a whole siirface N rich field is 
obtained so that a growth rate may be seen in the middle of drawing 4 by ** or becoming the crystal 
of V rich field if it passes, becoming the crystal of I rich field so that the lower part may see if too 
late, and choosing a suitable growth rate, so that it may see in the upper part of drawing 4 . 
[0048] When control of this temperature gradient and the relation of a crystalline region are 
explained more concretely, as shown in drawing 7 , in the conventional CZ process For example, if it 
is **G=germanium-Gc=20 degree-C/cm HZ when Gc=30 degree-C/cm and germanium=50 degree- 
C/cm, for example, it raises with a comparatively early growth rate in the location of A of drawing 7 
If the crystalline region in this condition is seen on the single crystal cross section as shown in 
drawing 9 (a), a core and a periphery are V field with many [ respectively ] crystal defects, and an I 
region, and N field with few defects exists in these pars intermedia in the shape of a circular ring. 
[0049] On the other hand, by the approach of this invention, so that it may see in the location of B of 
drawing 7 , when Gc=35 degree-C/cm and germanium=40 degree-C/cm, it is **G=germanium-Gc=5 
degree-C/cm HZ and was raising with the comparatively late growth rate, arid as shown in drawing 9 
(b), when the crystalline region in this condition was seen on the single crystal cross section, the 
whole surface became N field with few defects, for example. 

[0050] However, in this condition, if the absolute value of a temperature gradient G (Gc and 
germanium) is set to enlarged HZ, maintaining difference **G=germanium-Gc<=5 degree-C/cm of a 
temperature gradient from the location of C to the location of D as shown in drawing 8 since the 
growth rate was slow, a whole surface N field can be attained now with an early growth rate, and 
high productivity can be maintained. 

[0051] Moreover, when this phenomenon was seen by the temperature gradient of the already 
crystallized part which is located above a solid-liquid interface, it turned out that it can attain by 
controlling so that the crystal die length of the temperature region from 1300 degrees C to 1000 
degrees C is set to 8cm or less. Since the absolute value of a temperature gradient will become small 
if this temperature region spreads from 8cm in a crystal, a late pull-up rate must be chosen and it 
results in worsening productive efficiency. 

[0052] Furthermore, it is required to control so that the time amount which passes through the 
temperature region from 1300 degrees C in the part which pulled up this phenomenon and was 
already crystallized seen from the field of a rate to 1000 degrees C becomes 80 or less minutes. In 
order for the absolute value of a temperature gradient to become small and to obtain the crystal in N 
field also by annealing which exceeds 80 minutes, it will pull up, a rate must be made late and 
productive efficiency will fall. 

[0053] And if **G is pulled up as less than 5 degrees C/cm in this way, a solid-liquid interface 
configuration is set to less than **5mm to the average of a solid-liquid interface except for 5mm of 
circumferences, and while being set to less than **2.5mm and becoming easy to grow up the crystal 
of N field, the field internal division cloth of an oxygen density will also be improved especially. 
[0054] As mentioned above, although the pull-up conditions in the neutral field of this invention 
have been clarified If these are simmiarized, will pull up from the temperature gradient between 
1420 degrees C and 1350 degrees C near [ under crystal ] the solid-liquid interface, or the melting 
point of silicon with the temperature gradient G between 1400 degrees C, and a rate will be adjusted. 
I hear that the pull-up condition of the whole crystal surface is doubled with the boundary 
neighborhood of the bay can (C V) rich field and the INTASUTI (sial I) rich field, and it is made to 
perfomi the whole surface of a crystal in a neutral field with few biases of defective concentration. 
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and it is. And the field internal division cloth of an oxygen density is also remarkably improved by 
this. 

[0055] In addition, in order to get to know the pull-up rate for pulling up the whole surface of the 
crystal at the time of carrying out **G in less than 5 degrees C/cm, and making the absolute value of 
a temperature gradient into a request value in N field For example, it is made to fall even to the 
growth rate which reduces a growth rate gradually, pulling up a single crystal rod at high speed so 
that **G may become in less than 5 degrees C/cm, and a V-rich crystal's being made to be made, and 
maintaining **G in less than 5 degrees C/cm after that, and can fmally do an I-rich crystal. And it 
will be V, if the made single crystal rod is cut to a lengthwise direction and a crystal defect is 
investigated. - It is I that it is rich. - While it is rich, the growth rate of existing N field can be known. 

[0056] In this case, if a crystal is pulled up maintaining [ cm ] **G in less than 5 degrees C /with the 
Czochrlski method (MCZ law) which impresses a magnetic field to silicon melt, the range of a pull- 
up rate where the above-mentioned N field turns into breadth and N field will spread, and it will 
become possible to pull up a single crystal as an N field easily. 
[0057] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a 
detail, referring to a drawing. First, drawing 1 explains the example of a configuration of the crystal- 
pulling equipment by the CZ process of this invention. As shown in drawing 1 , this crystal-pulling 
equipment 30 The pull-up room 31, the crucible 32 prepared all over the pull-up room 31, and the 
heater 34 arranged around a crucible 32, It has the reel style (not shown) which rotates or rolls round 
the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism (not 
shown), the seed chuck 6 holding the seed crystal 5 of silicon, the cable 7 that pulls up a seed chuck 
6, and a cable 7, and is constituted. A quartz crucible is prepared in the side in which a crucible 32 
holds the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the 
outside. Moreover, the heat insulator 35 is arranged around [ outside ] the heater 34. 
[0058] Moreover, in order to set up the manufacture conditions in cormection with the manufacture 
approach of this invention, the annular solid-liquid interface heat insulator 8 is formed in the 
periphery of the sohd-liquid interface of a crystal, and the up surrounding heat insulator 9 is arranged 
on it. This solid-liquid interface heat insulator 8 forms the 3-5cm clearance 10 between that lower 
Umit and surface of hot water of silicon melt 2, and is installed in it. The up surrounding heat 
insulator 9 may not be used depending on conditions. Furthermore, coolant gas is sprayed or the 
tubed cooling system 36 which interrupts radiant heat and cools a single crystal is formed. 
[0059] Independently, recently, the convection current of melt is controlled by installing the magnet 
38 which consists of usual state conduction or a superconduction coil iii the horizontal outside of the 
pull-up room 31, and impressing magnetic fields, such as a horizontal direction or a perpendicular 
direction, to silicon melt 2 so that drawing 12 may see, and the so-called MCZ method for measuring 
the stable growth of a single crystal is used in many cases. The direction of the magnetic field 
impressed to melt can be easily changed by magnetic arrangement. For example, if one coil is 
arranged so that the pull-up room 3 1 may be surrounded horizontally, a vertical magnetic field 
(vertical magnetic field) will be impressed to melt, and if opposite arrangement of the two coils is 
carried out on the horizontal outside of the pull-up room 31, a horizontal magnetic field (horizontal 
magnetic field) will be impressed to melt. And also in this invention, if this MCZ method is used as 
mentioned above, a breadth control range can spread and N field can obtain N crystal easily. 
[0060] Next, the single-crystal-growth approach by the crystal-pulling equipment 30 of above- 
mentioned drawing 1 is explained. First, within a crucible 32, the high grade poly crystal raw material 
of silicon is heated more than the melting point (about 1420 degrees C), and is dissolved. Next, the 
tip of a seed crystal 5 is made contacted or immersed in the surface abbreviation core of a molten 
bath 2 by begirming to roll a cable 7. Then, while rotating the cmcible maintenance shaft 33 in the 
proper (Urection, single crystal growth is started by rolling roimd rotating a cable 7 and pulling up a 
seed crystal 5. Henceforth, the single crystal rod 1 of an approximate circle column configuration 
can be obtained by adjusting a raising rate and temperature appropriately. 

[0061] In this case, in this invention, in order to attain the purpose of this invention, the following 
facilities were performed. First, as shown in drawing 6 (partial expansion explanatory view of 
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drawing 1 R> 1), in the periphery space of the liquefied part in the single crystal 1 on the svirface of 
hot water of the pull-up room 31, the temperature of the crystal near the surface of hot water formed 
the annular soUd-hquid interface heat insulator 8 in the temperature region fi"om 1420 degrees C to 
1350 degrees C (fi^om the melting point of silicon to or 1400 degrees C), and the so-called HZ, and 
arranges the up surrounding heat insulator 9 on it. This solid-Hquid interface heat insulator 8 forms 
the 3-5cm clearance 10 between that lower limit and surface of hot water 3 of silicon melt 2, and is 
installed in it. The up surrounding heat insulator 9 may not be used depending on conditions. 
Furthermore, it may consider as the structure which should form the equipment 36 which cools a 
crystal, for example, a cooling system, in the upper part of this heat insulator, should spray coolant 
gas on this from the upper part, should cool the crystal, and attached the radiant heat reflecting plate 
in the cylinder lower part. 

[0062] Thus, by establishing a predetermined clearance in the location of the right above of an oil 
level, arranging a heat insulator, and considering as the structure which formed further the equipment 
which cools a crystal in the upper part of this heat insulator Since a heat insulation effect is acquired 
by radiant heat near the crystal growth interface and the radiant heat from a heater etc. can be cut in 
the upper part of a crystal The temperature gradient germaniimi of a crystal periphery became small, 
the difference with the temperature gradient Gc of the crystal center section also became small, and 
the soUd-Uquid interface 4 also became a flat and became possible [ pulling up a crystal in N field 
with few biases of defective concentration on the whole surface of a crystal ]. An air-cooling duct, a 
water-cooled coil, etc. which surround the perimeter of a crystal are formed, and you may make it 
secure a desired temperature gradient independently [ said tubed cooling system 36 ] as a cooling 
system of this crystal. 

[0063] Moreover, it is desirable to arrange a magnet 38 on the outside of the pull-up room 31 like 
drawing 12 in this invention. In this case, the magnetic field impressed is made into a level magnetic 
field, and reinforcement of the magnetic field to impress is more preferably made more than 3000G 
more than 2000G. By impressing a magnetic field, the convection current of silicon melt is 
controlled and N field under crystal spreads. Moreover, in order to carry out flattening of the solid- 
hquid interface configuration, the level magnetic field is more desirable than a vertical magnetic 
field or a cusp field, and it is because there is little magnetic field impression effectiveness in less 
than[2000G]. 

[0064] And an improvement of quaUty can be airned at in this invention, without reducing the 
productivity of a single crystal, since there is not no need of reducing a raising rate extremely like 
before and it is not necessary to anneal a fixed temperature region and. And the field intemal 
division cloth of an oxygen density is also improved, if the MCZ method is used, a control range will 
become large and manufacture of a low defective crystal can be performed certainly. 
[0065] Conventional equipment was shown in drav^ng 2 for drawing 1 , the crystal-puUing 
equipment of tiiis invention of drawing 12 , and a comparison. Although it is the same as the raising 
equipment of this invention about fimdamental structure, the solid- liquid interface heat insulator 8, 
the up surrounding heat insulator 9, or cooling system 36 of this invention are not equipped. 
[0066] As mentioned above, since the approach explained to the detail and the silicon single crystal 
manufactured by equipment can pull up a crystal stably in N field, it can be made into very few 
things of crystal defects, such as FPD, LSTD, COP, and L-SEPD. moreover, a single crystal ~ the 
whole can be covered mostly and oxygen density distribution of a direction perpendicular to the 
crystal growth direction can be made into 5% or less. 

[0067] The sihcon wafer produced from such a silicon single crystal It sets all over the and a FPD 
consistency is 2 100 pieces/cm. It is the following and, for size, the SEPD consistency of 10 
micrometers or more is 2 ten pieces/cm. By becoming the silicon wafer which is the following and 
performing oxygen precipitation heat treatment When X-ray observation is carried out after oxygen 
precipitation heat treatment to a silicon wafer with an oxygen density in which oxygen deposits, the 
contrast of the deposit within a field is fixed and a wafer with few striation rings is obtained. That is, 
since the growth interface is flat, the homogeneity within a wafer side is good and especially the 
oxygen density distribution within a field becomes 5% or less. 
[0068] 

[Example] Hereafter, the example of this invention is shown. 
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(Example 1) With the raising equipment 30 shown in drawing 1 , 60kg of raw material 
polycrystalline silicon was charged to the 20 inch quartz crucible, the diameter of 6 inches and the 
silicon single crystal rod of bearing <100> were changed to 1.0 - 0.4 mm/min, and the average 
raising rate was pulled up (body die length of about 85cm of a single crystal rod). It was made into 
4cm space from 1420 degrees C and the surface of hot water up to the lower limit of an annular 
solid-hquid interface heat insulator, on it, the water temperature of silicon melt has arranged the 
annular solid-Uquid interface heat insulator of 10cm height, it adjusted the cmcible maintenance 
shaft, set the height from the surface of hot water to pull-up room head lining as 30cm, and arranged 
the up surrounding heat insulator. 

[0069] The temperature gradient between 1400 degrees C was set as **/**/germanium=45.0[cm] 
Gc=42.0[cm] **G=(germanium-Gc) =3.0[**/cm] from the melting point of the siUcon near the 
solid-liquid interface of a crystal. The mirror plane wafer of a silicon single crystal was produced by 
cutting down a wafer and performing mirror plane processing from the single crystal rod obtained 
here. In this way, measurement of said FPD and a L-SEPD defect was performed about the mirror 
plane wafer of the made silicon single crystal. A pull-up rate and the relation of a defective 
measurement result were shown in Table 1 . Moreover, the silicon single crystal rod completely 
grown up similarly was made into vertical division, and drawing 10 (a) looked at the situation of 
change of the crystal defect in the growth direction. 
0070] 
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[0071] if a pull-up rate does not suit even if there is no difference in the concentration of the point 
defect by which **G is incorporated in the field of a crystal as less than 5 degrees C/cm so that the 
result of Table 1 may show — the result ~ V — rich — I — since it became rich, it searched for a pull- 
up rate which suits N field exactly (refer to drawing 4 ). consequently, the case where it pulls up at 
the pull-up rate of 0.55 mm/min — the whole surface — the neutral silicon wafer was producible. And 
the crystal growth interface configuration 43 is flat, and is uniform so that drawing 10 (a) may see. 
[ of oxygen density distribution ] However, the range of the N field 39 between the V-rich field 40 
and the I-rich field 41 is comparatively narrow, and in order to grow up the whole crystal as this N 
field 39, it needs highly precise control. In addition, the OSF field 42 is seen between N fields. 
[0072] (Example 2) Next, the crystal was pulled up with the raising equipment shown in drawing 
12 , impressing the level magnetic field of 3000G to melt. It considered as the same conditions as an 
example 1 except having impressed the magnetic field. That is, 60kg of raw material polycrystalline 
silicon was charged to the 20 inch quartz crucible, the diameter of 6 inches and the silicon single 
crystal rod of bearing <100> were changed to 1.0 - 0.4 mm/min, and the average raising rate was 
pulled up. It was made into 4cm space from 1420 degrees C and the surface of hot water up to the 
lower Umit of an annular solid-liquid interface heat insulator, on it, the water temperature of silicon 
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melt has airanged the annular solid-liquid interface heat insulator of 10cm height, it adjusted the 
crucible maintenance shaft, set the height from the surface of hot water to pull-up room head lining 
as 30cm, and arranged the up surrounding heat insulator. 

[0073] The temperature gradient between 1400 degrees C was set as **/**/germanium=45.0[cm] 
Gc=42.0[cm] **G=(gemianium-Gc) =3.0[**/cm] from the melting point of the silicon near the 
solid-Uquid interface of a crystal. The single crystal rod obtained here .was made into vertical 
division, and drawing 10 (b) looked at the situation of change of the crystal defect in the growth 
direction. 

[0074] the case where it usually pulls up at the pull-up rate near 0.55 - 0.58 mm/min like a CZ 
process when drawing 10 (b) was seen — the whole surface — it turns out that a neutral silicon wafer 
is producible. Moreover, the crystal growth interface configuration 43 is also flat, and oxygen 
density distribution will also become uniform. 

[0075] And it turns out that it becomes what is easy to serve as N field in the same wafer side 
altogether to differ from the usual CZ process of drawing 1 0 (a) greatly when the control range of 
breadth and a pull-up rate carries out flattening also of the boundary of spreading remarkably and a 
V-rich field, N field, and an I-rich field, sUces this and N field considers as a wafer very much. 
[0076] Thus, although the detail of the reason which changes remarkably signs that a crystal defect 
occurs is unknown for the moment if a magnetic field is impressed Since the convection current of 
melt is stabilized by impressing a magnetic field, the temperature gradient in melt changes and the 
amount of incorporation of the defect of a under [ a crystal ] itself changes. It is thought that it is 
because it became the ideal temperature gradient which the temperature gradient imder crystal near 
the growth interface also influences and stabilizes the effect of change of the temperature gradient in 
melt, and does not have a crystal defect. 

[0077] (An example 3, example of a comparison) Next, the solid-liquid interface configuration 
investigated the effect which it has had on the oxygen density within a wafer side. The diameter of 8 
inches and the silicon single crystal rod of bearing <100> were pulled up having charged 60kg of 
raw material polycrystalline silicon to the 20 inch quartz crucible, and impressing the magnetic field 
of 3000G with the raising equipment shown in drawing 12 . It was made into 4cm space from 1420 
degrees C and the surface of hot water up to the lower limit of an annular solid-liquid interface heat 
insulator, on it, the water temperature of silicon melt has arranged the annular solid-liquid interface 
heat insulator of 10cm height, it adjusted the cmcible maintenance shaft, set the height from the 
surface of hot water to pull-up room head lining as 30cm, and arranged the up surrounding heat 
insulator. 

[0078] The temperature gradient between 1400 degrees C was set as **/**/germanium=32.6[cm] 
Gc=30.5[cmJ **G=(germanium-Gc) =2.1[**/cm] from the melting point of the siHcon near the 
solid-liquid interface of a crystal. The obtained silicon single crystal rod was made into vertical 
division, and drawing 1 1 R> 1 (b) looked at the situation of change of the oxygen density in the 
growth direction in the crystal center section and a periphery (example 3). In this case, most 
configurations of the solid-liquid interface under crystal were flatness in the convex configuration of 
less than **2mm to the average of a soHd-Uquid interface except for 5mm of circumferences. 
[0079] The silicon single crystal rod with a diameter of 8 inches was made to raise, removing a 
solid-liquid interface heat insulator and an up surroimding heat insulator, making other conditions 
the same as that of the above on the other hand, and impressing the magnetic field of 3000G. At this 
time, the temperature gradient near the solid-liquid interface of a crystal was set as 
**/**/germanium=63.5[cm] Gc=30.4[cm] **G=(germanium-Gc) =33.1[**/cm]. The obtained 
silicon single crystal rod was made into vertical division, and drawing 1 1 (a) looked at the situation 
of change of the oxygen density in the growth direction in the crystal center section and a periphery 
(example of a comparison). In this case, the configuration of the solid-Uquid interface xmder crystal 
was **10mm in convex configuration to the average of a solid-liquid interface except for 5mm of 
circumferences. 

[0080] When drawing 1 1 is seen, it tums out that there is a difference at the core and periphery of a 
crystal with a big oxygen density, and the oxygen density differs in (a) greatly in the growth 
direction. And it turns out that fluctuation of the growth direction of the oxygen density in a core and 
fluctuation of the oxygen density in a periphery are carrying out fluctuation almost same at about 12- 
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20inin phase contrast. This makes the convex configuration of a crystal growth interface reflect as it 
is. 

[0081] on the other hand — (b) — an oxygen density ~ the core and periphery of a crystal — about ~ I 
am doing one and it tums out that fluctuation of the growth direction of the oxygen density in a core 
and fluctuation of the oxygen density in a periphery are very well in agreement at about 0-3nim 
phase contrast. Oxygen density distribution of the direction where dispersion in the growth direction 
of this silicon single crystal is perpendicular to the growth direction of a certain thing is very good, 
and when this is sliced and it considers as a wafer, distribution of an oxygen density will become 
very good in a field. That flattening of the crystal growth interface was carried out makes this reflect. 

[0082] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0083] For example, in the above-mentioned operation gestalt, when a diameter 6 and a 8 inches 
silicon single crystal were raised, the example was given and explained per, but this invention is 
applicable also to the diameter of 8-16 inches, or the silicon single crystal beyond it, if it adjusts at 
the pull-up rate which is not limited to this, agrees to N field, and makes small the difference of the 
temperature gradient of the crystal center section near the solid-hquid interface of a crystal, and a 
periphery, moreover, MCZ of others which are not restricted when impressing a level magnetic field 
to silicon melt, and impress a vertical magnetic field, a cusp field, etc. also when impressing a 
magnetic field by this invention — it cannot be overemphasized that it is applicable also to law. 
[0084] 

[Effect of the Invention] it explained above ~ as ~ this invention — a CZ process and MCZ ~ the 
whole wafer siirface can manufacture an almost defect-fi-ee silicon single crystal, without decreasing 
glow in defects, such as FPD of the silicon single crystal manufactured by law, L-SEPD, and COP, 
and reducing most productivity at a comparatively early pull-up rate. And the oxygen density 
distribution within a wafer side is also improved. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the approximate account Fig. of the crystal-pulling equipment of this invention by 
the CZ process. 

[Drawing 2] It is the approximate account Fig. of the conventional crystal-pulling equipment by the 
CZ process. 

[Drawing 3] It is the explanatory view in which having pulled up the crystal growth theory of this 
invention with the temperature gradient near the solid-liquid interface during the crystal (growth), 
and having shown it in relation with a rate as compared with the conventional method. 
[Drawing 4] It is the explanatory view in which having pulled up the crystal growth theory of this 
invention with the temperature gradient near the solid-liquid interface during the crystal (growth), 
and having shown it with relation with a rate. 

[Drawing 5] It is the explanatory view [ / near the solid-liquid interface of this invention ] having 
shown the temperature gradient measuring point. 

[Drawing 6] It is the partial expansion explanatory view of drawing 1 having shown the heat 
insulator arrangement near the soUd-liquid interface of the crystal-pulling equipment of this 
invention. 

[Drawing 7] It is the explanatory view in which having pulled up the crystal growth theory of this 
invention with the temperature gradient near the solid-liquid interface during the crystal (growth), 
and having shown drawing 3 by more concrete data in relation with a rate as compared with the 
conventional method. 

[Drawing 8] It is the explanatory view in which having pulled up the crystal growth theory of this 
invention with the temperature gradient near the solid-liquid interface dvuing the crystal (growth), 
and having shown drawing 4 by more concrete data by relation with a rate. 
[Drawing 9] It is the explanatory view having shown the crystal growth theory of this invention 
during the crystal on the cross section near the solid-Uquid interface. 

(a) : Field distribution by the conventional method. 

(b) : The whole surface N field by this invention is shown. 

[Drawing 10] It is drawing which looked at the situation of change of the crystal defect in the crystal 
growth direction in an example. 

(a) : Example 1 (CZ process), 

(b) : Example 2 (MCZ law). 

[Drawing 1 1] It is the oxygen density measurement result Fig. of an example 3 and the example of a 
comparison. 

(a) : The example of a comparison, 

(b) : Example 3. 

[Drawing 12] It is the approximate account Fig. of the crystal-pulling equipment of this invention by 
the MCZ method. 
[Description of Notations] 

1 [ — A solid-Uquid interface, 5 / — Seed crystal, ] — A growth single crystal, 2 ~ Sihcon melt, 3 ~ 
The surface of hot water, 4 6 [ — Up surroimding heat insulator, ] — A seed chuck, 7 — A cable, 8 — 
A soUd-liquid interface heat insulator, 9 10 — The clearance between the surface of hot water and a 
soUd-Uquid interface heat insulator lower limit, 30 - Crystal-pulling equipment, 31 [ - A heater. 
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35 / — A heat insulator, 36 / — A cooling system, 37 / — A rectification cylinder, 38 / — A magnet, 
39 / " N field, 40 / - A V-rich field 41 / - An I-rich field 42 / - An OSF field, 43 / - Growth 
interface configuration. ] — A pull-up room, 32 — A crucible, 33 — A crucible maintenance shaft, 34 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 




[Drawing 6 ] 
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[Drawing 9] 
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c i ir 4 y n >^s©Sjt;?ftr* 

[00 17] C©J:5K. fiSEJS^EPttlL/fc5^3i'^;l'X 

^^-ffitcfec^r AGds 5 'c/ c mtirt <!:?a: S J; 5 

y 3 y n > •:7 X- S C i *!ai* 

■5. 

[00 18] C©J»^. if^lI4KSt8bfca:5lc. EP 

ft]Sn-S®li?:7kTOi«i b, ^)^ci»*:®5tcgetgL?c 
«t^fC. EPJJ0-r-5.^1i©5Sg*2 0 0 OGJi(±i-r-J.© 
*SS?SL/l='. '>y 3>a?g©54-fi£?:fflI$lJL.rN^i^«:)£ 

©5?*ii{ffie«*-5.C^i*X7'eJSJ:i3Sir* bt^b, 2 0 

ooG*}K-ctt. mmtmnm^ci^tii\,^tftpi~c&i>. 

[0019] -ebT. :*:|fe?g(Cfe(,»r«. «S*©1 3 

0 0 "Cdie. 1 0 0 0 •CS-C©agJi©^^S?3&5 S c m 
JWT<!:&SJ;'5tc*(|iaib (it*]16) . *§S*©1.3 0 

o-c*>p. 1 0 0 o'cts.-Qomm^m.m.-nm^ifiz o 

7) , 

[0 02 0] cn«. mfs.i^FB^omwmmj^ d ±35© 

H^Ma^S|555-©Slg£)i5^tt? I±t-f jiS«ra5t bfc? |± 

[0 02 1 ] ^S4j© 1 3 00 "C7!r>e. 1000 "C^r© 
iagJ^©igB^SS*5 8 cm?:M^-5Jt#»> S^SJigG 
©i»*f < >i 0 . SJgfcjiiigiJiSS-cbJtPifes 
±Sfc j: •:> r^<£^i:Pi^s-c*) ^ y 3 :^*^b^b*j J: 
^; x-/^^ff 2, Ci*sai3fc)S I^^tc. igB^*© 

1 3 0 0 •c*'6 1 0 0 o'ci^x-(omSM^mM-ti>v^f& 

ifiB 0^3•?^S^:fclS^■C^>fig^3i^G©^g*fii*Vi^$ < 

J^cCO. ^B^^ffitcs-^T®ftXRisge-c*s->y 

?5 ?f 3et#;SSriS^tt^«l^-r S C <!: J&iBit 

[0022] S /c. *^B^©i»^^8 KIBtgbfc^BJ 

«. i^sL'pamwmm^moy 1 4 2 o -0*16 1 3 s o -c 

©F^©faai^ie*/cii~>y =(>©^=^>6 1 4 0 o°c© 

K©Sa^iBGi?|±tfite^iSS5bT, JSb^^B©?! 
±im^g*V • y V 'f-m.^L 1 • y 5^Si«<!:©i^^jfi 
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[0 02 3] Se*©N«|l^il»^gfcS:«:^<*ffl[L.JQ:l> 

y5mvt^^m^^\±f.fi>t, SS43Se©MAG= (Ge- 
G c ) <rj:^xi,t t>*£B^tirt-CN^WcW«rft 

SCiWtB5S^c*»-:>/c3!i*. S5tB O J: AG = (Ge 
-Gc) ^5 [-C/cm] icmmrh^ti>l>C^ ?l±lf 
ae^Pllg-r C i J: O ifep^^ffiK N^i^^^tH*?. J: 

[ 0 0 2 4 ) yctc. *»IB©ill*ll9 6CKKb/c^?l 

fiB#{c. ^^^'(Dmmwmismo 1420 'c/pi^ 1 3 5 

0 'C<DN\<DUS.^Mit.fcitU <J a >CDgS.t5> 614 0 0 
•C®ra<DfiS4ai2G ( fiSSf bM/*SS«l*I*]S ^ ) 
[•C/c m] ©fii*. ifgStl3-C^g|5^©S)g43ieG c ['C 20 
/cm] ifeS^JagP^-CDSS^^iBG e ["C/cm] i 
CDMAG= (Ge-Gc) -C^O/cBf. AG3&i5-C/c 
mfeirt i % S J: ^ tCj^l^Sa^rJ^fiSTS C i =S:#»<b T 

[0 02 5] S fc. :2|s:^Bg©iS3R« 1 0 ICHmLtc^m 

^^S*^JSB^)iSS^K. *£B^cti®@?g|?ffiiS«<D 1 4 2 
0 'CJi^e* 1 3 5 0 °CC[)Pa©Sa«3iB*/c»i' 'J 3 >©®! 

1 4 0 0 •c©ia©jaa€jiBG (ss^fbs/iisa 30 

tt:^r6lS?) ['C/ cm] ©fit?:. ^B^ttl,c^g|5^©Sa 
43iBGc [-C/cm] i^S^iaSP»©taS^i2G e 

[•C/cm] £©MAG= (Ge-Gc) "C^L/fcl^. 
AGTWS'C/cmJWl^iiiSJ:^ tcS^rtjagJ >&0iarr S 

Ci^rltSi-r^.. 5^V:::'>**SS©Mi«^gt?*5. 

[ 0 0 2 6 ] 1/-C. :^m^<Dmmm 1 1 (cetgi^it^ 

89*^9 S/cttsS*3® 1 0 {CS*8©^BT?*o 
-r ^ ilStc *sc » T . >"J 3 >^ai!?K©®SiiLh«: -> 'J 3 

©P^©ESP^?r3~5 cmi-rSCi^t^gii-r^*. i^>; 
3 >*tSS©Kj»^g-C* 

[0 02 7] £:©J:^{C> AG*S5*C/cmtlrtii^=C'2) 

l,iN$Il|S©;?»-C^S«:?l*±lf^>Ci*ipJ#giJ:cS. m 
;t tf . H Z %K 0 « < BjKff SWf SSlttTfiS*^ffi*> 6. 3 

—5 cm©ESra^^wt:^gu/c^jSK-rnti. b-^f 
©*S*f!^*sH?g|?SJC+^Sfc«3. HMf^®ifi«©?aa 
i^i2©^AG= (Ge-Gc) *5X;/cmfelTlc:SIIffll 50 
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ti, C i*J-5Ifife!tc-> 'J 3 >*i|s§p^©i?jSi^g?:JgfiSt-S 

t^D°BM©^^ y 3 >#^B^*j y 3 >■?x-/^4SS 

[0028] C©@^l1lffi»tf^l5tTffii-^ffii©M*« 

3cm*}S©«^«. i^-^mifi^(ommmifi:^+^t 

rj:t), mmt 0 ■CllfRW®jfi»©SS«]i2©«A G = 

^t,iV- y V ^m^t I - y -7 9^§i^i*igfiLi^£i»tfi 

m7L?>m<^it. Ma^s2G-e©«)©©fii*s/jN§ < o . 
jiJ>^«»{c^B^±MK:2:o-cS(gi>cRlffia-c* St' y 3 > 

[002 9] ? 6(c. 2|s:^Hg©ii^i® 1 2 . n^m 1 3 

{ClBtS L/fc^B^tt, miimmm 1 ^tt^ Lit*JS 8 ©t^-r 

1 l©l,>Tn*>l]KKfBKL//ciiatcJ:-3-Ct!Bfi$ti/c 

i/y 3>^^B^-c*S. 

[0 0 30] c©J:5tc. B5IBit*^l>a:t<^biS^3®8 
©t>-rn*> 1 ««:a*8L/fc:^ffi*s J:CJ«ii*:S 9 ilfci Ls» 
1 1 ©i,=.f tid^ 1 ^tcietgu/ci^gfc j:o-c>'y 3 

^nS/c*. FPD. LSTD. COP. L-SEPD 

[0 03 1 ] 3p:^Bj©i«^^ 1 AiC^mLfcBm 

«, 5^3 ^'^;L'X+-5^(;cj;0»fi£$n/cvy3>mjS 
B^-caboT, fi£S;^rS]tcSii:*:3^rsj©K«rStt^75JAi. 
5 %mT-cfes c i s-> y 3 >miga-cA 

•5. <::©«fc5tc. *^H^-Cli. AG?:5'C/cm«rti 

-fj:->ya>#i^a«:f#SCi*it?#S. :^^m 
■ctj. l^:©^^B^^©tii^i'3!)i^©)SS:'3l6I^cfiii: 
(^^'f;^^*©■?x-/^E|^:^IDI) -cfci— orfe© 

[ 0 0 3 2 ] -e ur, *:^Bj©iS3}<^ 1 5 dciatg ufc^ 

F P DSggAi 1 0 0 ->■/ c m' t(T-CS> 0 . jS^O 
-l^-fX*51 0 ymJJ^±©SEPDlBa*n Oir/cm' 

fetr-c* -5 c <fc «:!^» i -r s y 3 > i — -c s . 

[0 03 3] C©J:^fc. *^H^tcJ;-:>-Ci?fi3nA:^' 
y3>migS*iP,f^Sia*7-2,5^y3>'i;x-Mtj. fp 
D^LSTD. COP. L-SEPD^©d''0->-f > 

^^Rl«5S*-rii>^ct,>fe©T?s>f3. ©fe-rwffiici^y 3> 
I -/^ i -r s c i *5-c* s. 

[0 0 34] L7!>»^. ig*^l etClBigUfci'JK:. ^ 
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[0 03 5] tiT. *:^?«CCO^i$JffltciSi?ST-5>^. 

SfflifCcot^dt>^|ftL-C^< o 10 
1) FPD(Flow Pattern Defec 

t) tit. j&m^ik(Oiyv^>mmFBWi)^h'^j^-^>^^m 

?gr^S?:X'v ^>i5^ (S e c c ox^:. ^>^) T-BC 

^1ll?:FPDif*l/. •?x-/^®F*3C!:>FPDffiJg:&i]SCi 
&5i*®ft]iiWBE<D:^^a7&stS;i^ (sNfK^A - 1 9 2 3 4 

[0 0 3 6 ] 2 ) S E PD (S e c c o Etch P 20 
it Defect) F P D i 15— CO S e c c o 

s.y^:y^^mbfcmc. mtimm(f]ovi pat 
tc^sEPD(J^^4^•7;^^-cc^3H•r€><^:^x6n. 

[0037] 3) LSTD (Laser Scatt 
ering TomoffraphyDefect)<i: 30 

(J. J. A. p. Vol. 32. P3 679. 1 9 

[0038]4)COP (Crystal Origi 
nated Particle) /^CDI^',Ll^ 
SPcDBtftMifiJff^^^t^-li-'SJMHi^cC^XRSr. Sec 

c ox^^rtiFPDtc^srii^^RSj&i, r^-txriaMfb 

7km*gfe^ (NH. OH : H, O, : H, 0 = 1 : 1 - 
2 : 5-7CDiI^iSCC<J:^i5fe?^) "CtiiliRx ^-ffl^i u 

[0 0 3 9] :$:^H^^e>CJ. C Z ffi^C J: ^ »J n >#JS 
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PD. LSTD. COP<DmmL<'prj:< ^ i^^tjiS 
E P D 4>??ab ^CO X ^ h ^^U^C^igcJ^^* S C £ 

[0 04 0 ] -ecr. CCDx^^ ^^J^;^^.i^^:'i7X- 
^tmSiLfCo 04tc^Oft:J:^Cc, miiBL/ci?SS (?| 

±tf ) mmtumm^(om%(D^r^. ?s^©^x-->'^a 
[0 04 1] Lf*^t. c6[><t5&cr:7x-yNMrtr|ft:&rpj 

[0 04 2 ] C C-C. jlScD?|±Cf:^jScDlt^Cc45C:t 

<Ge-Gc> T^^C< i4>l 5 -0/0111*0, ^IC. 
U&m^G<omy(im^^^ < U/ci*^tC(i. (G e - G 

c) i>fKf)^K^. m(^c\it4o^cy cm hm^^^ctfjm 

[0 04 3] C(DJ: ^ tC^e^t|i.C^BP<5:/iIi22^i5»<t 

ffl) 4COf^t^:^^^iSi«3^c6r/±ffiiJCCinjffJ»;i^j:S« 
^ Ur. iiacDJ: ^ &Cfig^ig(3r)^AG:^5 1 5 "C/c m 

B^^:^^6;^^>r;^b-cf^/c'^x-^>cDaF^rt3:, fiXSB# 
K?:^^^:/:^ ^ c <h tcjaH-r fissjg * w-r c i 0 . 

[0044] -^-c-c. iaig^ieG<DM«:ii^6r:&ii^. 

F EMAGiI^«n^i^^ja»?#fy7 h 
<F. Dupret, P. Nicodeme. Y. Ry 
ckmans, P. Wouters, and M. J. 
Crochet, Int. J. Heat Mass T 
ransfer. 33. 1849 (1990)) ^^ffl 

'mUM'C^Z 1 42 0 — 1 35 O'Ct fcittiyO::J>(Dm 
.#>e» 1 4 0 0 •C(Dffiffl«:Brl»«-CffiSL. S/c@ffi|f 

[0 04 5 ] M»m(rat. V 33 >^si?to?gMa:±cc 
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AG= (Ge-Gc) *i5 -C/c m£iT<t«c4l»^*J 
[0046] J^';3>#ifeS<D?|±tf;^S«:*i 

Wffijfifi?© 1 4 2 0 'C >; 3 XDga,.^.) >&i6 1 3 5 0 

•c©r^©aa«3Bes /cKi' y 3 > cd^**^ e. 1 4 0 o'c 10 
©fBCDias^G (sg^^kfi/tesfii^isiss ) [-c 

/cm] ®fii?lr> iS^*'C»g|3^©?ae4g@5Gc fC/c 
m] iigaJSffiap^JOiaa^JiBG e [-C/cm] 
AG= (Ge-Gc) "Cau/c^. AG*l5-C/cin« 

4#B?,) . 

[0 04 7] ia4(0±Satcme>iT.S<l:5(CAG^5*C/ 20 
cm<DHZK:*it>r«>. BESjSe[*SjI-?>ji9|fSiV'; 5> 

ajR-r-sci-c. H4©x^*Kme»nsJ:5«:^®N 
[0048] ca:)u&<R^<Dmmtm^Bmm<om%'S:j: 

Zffi-Cti. Gc = 3 0*C/cin, Ge = 5 0*C 

/cmi-rSi. AG=Ge-Gc = 20°C/cm©H 

[0 04 9] cntC^fUT, 2|!:f6Bjco:^i£-c». m 
tf. 07©B©{igCcm6n-5J:^{c. Gc = 3 5'C/ 
cm. G e =4 O'C/cmi-rSi. AG = Ge-Gc 
= 5 *C/ c m© H Z T-* f) . ibg^WSt >RS;gilSrWfiS; 
L-r*Jf). C©ttJ£-C©teS«JS». (b) tc^L/ 40 

[005 0] L^L. C©«gs-C«e£SjiS*SiH,=.© 

t?. lasK^i/fcjr^tc. c©fii:a*>6D©tia*-cs 

a«3iH©^AG = Ge-Gc^5'C/'c m^l^Jtb/cS 
*»-:>fiS43i2G (GciGe) ©te*ffi?::7t# < L 

[ 0 0 5 1 ] S/c, C©Jgtl«:@S!#BJ: f5±g|5K:ffla 
•rSrocfeB^itOfcSB^Sg^ffirm •&<{:. 1 30 0 50 
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•C36^6 1 0 0 0 •CS'C©jaSlS©*Sa:g3*l 8 c mWT 
m^B^-C^ cmJ:f) C©jaSJ|!{*WS<E:SS43l2©^ 

[0 052] 3 ?.{C. C©^4?|±tfaK©®*>6* 
Si. gEtC^saO/cSiS^fCteWSl 30 0*C*>e.l 0 
0 0 •CS-C©aS«?:a3§-ri>^P^*«8 O^lJlTi^S 
J:5tC*IJffl)-rSC<t>5i'i;«S-C*S, 8 0^?:m-2,J:5 
JS:'{«??&tc J; o r ^>?as^i2©«6*tfii»/h3 < D . N ^ 

[0 0 5 3 1 -eUT. C©J;^tcAG«r5"C/cm«f*i 

t^rSIfRl^iffi©¥*^{itCji^L±5mm«F«3i^i:«3. i^tc 
«+2. 5mmtirti)5:-3-C. N^i^©*SS?:e£SL.-?> 

[0 054] ti±© J: *%B3©-5L - h 
T©5l±tf^ft:«:IB?>MCLT#fc*l. Cia€.«r*i8t> 

r;5iSi . i^^fpo>mmimj&m^ 1 4 2 0 -c**?. 1 3 

5 0 •c©pa©iagiS]ges?i:«i"; 33>©is**>iD 1 4 0 

0'C©ra©jaS^i5G<t5l±tfjiS«:ifiilpL-C. igS^ 
H©5l±cm<iS?:-^-<:<?>J^- (V> • >; 5^fS^i 

>df-;^f-^'i^TJi' ( I ) • v^mmtoym^is.mic 

^tott. ifeS©^B5€:^^?Sa©fi'5©ii>i5:ti^^- h 
^L-r. cntcj:oTSE?SifiK©ffiF«3i5-?iJ«>«l/<2Jt# 
[0055] iScte. AG5: 5 'C/ c mJi(rt i U. 

l*AG*i 5 -C/ c m JJtrt i S J: ^. K:^*£a^it5rK)I-C 
?Ulf> V-'J -yg^ifeS*iHJ*SJ;^fcL/, ^©^AG 

rissi'cKi^ii'^ntf. v - i - y -^^ioia 

[005 6] c ©ti^. -> <j 3 >i6?Rfci^Jt^Enjjp-r s 
5^3^7 7;!/;^+--^ (MCZiS) ccjrOAG^S'C/'c 

ASD. NMtii':t'2.?l±lfjIS©ffiffl*5|i:*s-,-c. 

[0057] 

©CZi4{CJ;S*igS?l±^a©^^W*S UCJ;OSi 

«. ?i±tfS3 li. ?i±tf^3 i4i{cswe>nfc;u-7 
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i, )vy^3 2 ?:iH!e$-a-s;u-;'^"«^f43 3Rc>-^(D 
Isie^lt ( mfnii-r } XDm^f^FB 5 =S:Um 

•r S h' ^ + f 6 <!: . 5^- K 5^ + 5' 6 %g I *±lf 

6nrc»^. S/c. t-5r3 4©JH|iJSHtC«»r?StW3 
53!>siSS2ti-Ct,>S. 10 
[ 0 0 5 8 ] Sfc. *^BS©Mi»:)^ft{CH*D^,Sjg^ft 

n >14?g 2 ©ilffii ©P5tC 3 ~ 5 c nKDStPaT 1 0 

[0 0 5 9] giifc. ftfi-rttai 2{cm6n^±^ccgi 20 

•-^©3 i±i;f ^3 1 ©7jc3|i:msi©nfiJ-c*j-|fiiSBa 30 
•rnta:. ^?g(c«7k^:^[^a©ejs mmmy mm^n 

[0 06 01 ■■'Xic^ ±im 1 ©#iteB^?l±^g3 OtcJ: 

i>mf^^B^mysmic':>[.>xiim-§ri>, ;u-:^>jf3 

2rt-CJ^y3>©llf*««#t^SMi^*Si* 42 0 
•C> &±icmitLxmm-r6, yctc. •y-:7';b7^r^# 
Hit- C i J: «3 2 ©«SBS*'C^a5{ca^^S 5 ©563^ 
=&gS4X«ilal5i*S. *©a. JU-^rKSmiS 3*ja 40 
l[©:*3r6]tc|pISK§-&€.ii^>«:, -^-•/;l'7 ^:[slg3•^i• 
^c*i6^^BX'^«^^^gB^55:?|±^fSC<i:tcJ:(^> mm 

®-r S C <!: K J: r) IBSR*i}f5«©#iSB^^ l «rf#5 C <!: *s 

[0 06 1 ] c<Dm^. ^mmxit. *^Bg©afi5^:^ 

fiXrSfc»K:iX©J:^^ca:fii<&JSL.fc. 5t-r. 06 (S 
I©a5^ld:;^lft?g0) (c^j^L/ci-^fc. ?|±lf^3 1© 
iiffi±©#SS 1 '4i©?Kt^Jg|5»©J1-^^Htc*iC»r, 
miS.B(Om&(OM^ifi 14 2 0 "Cjiie 1 3 5 0 'C (*-5 50 
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l^ii'V a>©a#>6 1 4 0 0*0 txoym&i^. C» 
fcKPS H Z tcs«©@fgWffiK5aHv* 8 -e©±tc 
±B|5B^Bfl»**9^:ieSL,-CC>5, C©@«WM»fill?t 
8«. ■e©TifH<!:->ya>S!fK2©^ffi3i©HIIC3- 

5 cm©Ml 0^tS:C:rTS:g$nrt^.5.. igPHi^K 

(C. C©»r?»M©±SP(CifeS*?&*pri^B. f«l^tf?fe 
»xm^m^}^&X^ ^> -b© i L , ttiTg|5(CfSSf^S*f« 

0 f=f If yt^^i -r 4 c i * 
[0062] ca>j:^fcmm(om.±<mstcmm<Dmm 

^i^&r?>ms.iwtwcmmtiri>ctt,cj:-:,x. *s 

^©JiaJT-ttt-:5r5?A^e©fiW^*;?7-? h-^SCi*! 
a^-S©^. teSSi2gB©aa^SBG e*s/h^ < Aj:tj . 
^S*'C;>SIJ©aS^iBG c i©^4>/jMj < fj: 15 . 

?SWM4 4>r'^ hCCi^c^r, !fe^©^®tc*5liT^»jR| 

m&<Dm K) o'pti c » N mmxm^B'kn 1 ±if ^> c i *5 pi#g 

tU-^-tc, C©iteS©?^ilSiL.t:«. BtiiEiiFl^©;^ 

ip»g3 6 ijijgijtc. i^^<omm^mmti>^}%9i? h 

[006 3] *^B^rt3:> S 1 2©J: 5tCl|±lf 

M3 1 ©^WKSES 8 ?:iBg-r •&©*«» S C© 

2 0 0 0 GiJ(±> J:DifSL.<»3 0 0 0G«± 
i-r-S. mJS5:EnJnT^CiK:j;-^-C->';3>S!^©5Ft 

?i£*s}qi*il2n-rigs*©N«JiS*5i2;*ss. mmn 

li*X7'^lS^J;f3J7SL.liL'. 2 0 0 0 G*iffi-r«, 

[0064]^ L-c*^B^-c(i> S£*©a: ^ tcSJicc? I 
±jSS*«TS-lf*!£5.S«^<ii'j:t,ife©-r?*D, SEfc— 
^©aiK^^^?^^Sife^>g4)^ct,^fc*. **SS©4S14 

■5. mmstm.<om\ni^^^^m-stii>i>. mc 
©^jt*im*^.. 

[0065]S1. 012 ©*^BJ©*i!sSS5l±ilai 
J:b«©fce{)JCfi!^©i|g^S2tC7SL.fc. S*9«Ji:i:«j» 
{COt,i-r«, 3|s:^Bg©?|J:J|gi[SIi;-c«>.S;05. ^jc^HJ 

©@?s^ffiwi^M 8 . ±.umm^mM 9 ^?^*P^g 3 6 
[00 6 6] Ja±©J; ^(c« i¥ifffliJciftBgo/c:^!4i^g 

{Cifes*?i±ife>ns/c8e>. fpd. lstd. go 

p. h-sEPiim<Dm^xWi<oWyx'ptsi\.>i,<i:>tr 

SfiSg::&|Sj{cSifii5:*|6j©BaSTAS»?&*. 5%tiTi 
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[006 7] C(DJ;^^i:5^Vn>m*SB^*^6f'PSLfc'> 
<DSEPD^Rj&si O-y/cm' felT-C* S >; n > "i? 

[0 06 8] 

5lS;l/->«K(cM^^i»SS^ y 3 >^ 6 0 K g * — :^ 
«r¥i^^l±aS=£ 1 . 0~0. 4mm/m i ntc^{b3 
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: =J>ail?K©®Stt 1 4 2 0 -C. aiffi*i6iRt^;®@fK»iii 

»f?»1^t(DT^*r5*. 4 c mCD^Ffli -e<D±OC 1 0 

lfS35#*T<DlS3 «r;U"> !K»Jt«*saSb-r 3 0 c m 

[0069] i^rB(Dmmnmmm<Diy y 3 xom^ji^h 

1 4 0 0 •COKI©SS43iS«, Ge = 45. 0 ['C/c 
m] . Gc = 4 2. 0 ['C/cm] . AG= (Ge-G 
c) =3. 0 ['C/cm] tC^^L/c, CC-V'^hti 

£:iK:j:or, ->y 3>*ifesoi^®'i'x-/>«:f^|go 
fc, i/t:-e#/ci^yn>^fescD^ffi'5x-/N(co 
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[0 07 1] «l©ig**»eto*>SJ:5(c. AG*i5-C 

?gStc^*ii&< rib, ?l±tfjIS*s^teiSWn«^©i^ 
mt. vy^r^^tcfci y ^^^K:fe^ci©-c. tsnmiis 
fc^^j:5^cgi±tfiie*^s^L/fc (S4#.ffs) . ^© 

igm. 0.55 mm/m i n©?|±tf jiK-C?l±lf fcJS 

■^ic. ^ffixau- h^ji'^ce^y 3>'i7x--r^?:fpi^■r■& 
cttii-c^fc, -eL/r. laio (a) {cme^nsj:^ 

fC. ^^afiSSI?ffiffitt4 3«¥iar-*)t3, gg^i^Br^^S 
€.©■?$) fc/cL/. V-y -y9^M«c4 0, 1 
- y -y^mmA 1 ©iatC*SN«J^3 9©eiB»J:kt5ff) 

osF«j^4 2*sme.n.s. 



[007 2] (mmm2} '^xtc, ml2^cinotc^\±Si 

gr, 3 0 0 0 G©7K¥ffiJ©^gMtcEpflnOoo*Sa?: 

:)^i4< 1 0 0 ><D'> <j ^>m^^mm^^m\±m&^ 

1. 0~0. 4mm/'m i n«:^{t^-a-C5IJilf/c. 5^ 

y 3 >mm(Dmuit 1 4 2 o -c, mmifihmi^<omm^ 

®»r^MOT^*-e«. 4 cmC^Palib, -?-©±(Cl 
0 c milf 3 ©Jlt»i@?E#®»r§»« *Sea C . ^Mifi h 5 1 
±lfS^#S-C©»3^-'I'-:'sK«^tt%i)ISU-C3 0 c 
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m] . Gc = 4 2. 0 ['C/cm] . AG= (Ge-G 

c) =3. 0 fc/cm] KSi^bfco cc-cwe-n 

{k©«^*m/c<DAi. 010 ( b ) r*^,. 
(0074]E10 (b) ^mSi. jimCZail^l 
0. 55-0. 5 8mm/m i n«i5©?l±tfiiK 

<Ott£i>. 10 
[0 07 5] -eL/T. lai 0 (a) ©ii^C Zi*i:A:# 

U-C';7X-/^<i:•rS^S^^C. PI— ■:7X-/^M|^g-c■r'^T 
[0076] C©J: 5 CC. fiSiii*En»nT5 <!:igB^i»CRS© 

^^■ti>m^tf^mi, < ^*>^.ss©»ffl«^©i c 5:7^ 

*'^©i»:RI©aStO)i;^S-€-©*>©*s^{fri©<i:. fiSS 

i?ffijfie§©jSB^o*©sgi3iefc«!?gti©sgsjia®^<b 

©K»*Slt. S^{bLiteS^«^RS©i3:(,^Si®WJ5:taS^ 

[0077] (HiSFiia . tbf^t^i) ^xic. mwm-mn^^ 

yt. 012 VCm L/c5 l±ilg-C. 2 0 > "J-^fW:/^ 
«C)lf4^^B^>'';3>*6 OKg^-f-yu. 3 00 0 
G©fi£^«:E|fl]nL/ft*S6. itSS-fV^^-. :;^14< 1 0 0 
>©i^>;3>*teait*?l±tf:fc. '>y3>^?E©^M 30 

« 1 4 2 0 -c. ^5iffi*>6^s^^©@^sffi»^^^M©T«* 

4cm©^r^iL. *0±K 1 0 cml^§©Stt 
HjSI^SKMtt^iBSL. ^S*^6?l±lf^?^#*-C© 
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1 4 0 0 ■C©H©jaK^IBtt. Ge = 3 2. 6 ['C/c 

m] , Gc^30. 5 ["C/cm] , AG= (Ge-G 

c> =2. 1 [•c/cm] tc^jeufc. »e>nfc'>';3 

1(b) -cab^. (*te{w)3) . c©Jt^. SSB^^JOHiS 
^ffi©ff^tta, JSJa5mm?:^(,»-C@)gSffi©3pi*ifiitC 

s>fL± 2 mmJUrt©±^ceI^^-ca<{:^<^:^^yg■c*o 

[0079] iIvK^ffiKl»l5t*i^C/±gPffi^»t«i 

«*ax»)»-rL/. *©f6©^fi=»±iaira-{cL'T> 3 

0 0 0G©eiS?:EPJ]nboo. BSS >5^©i^ U => > 
SS«)i3tt. Ge = 6 3. 5 ['0/001] , Gc = 3 50 
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0. 4 [X;/cm] . AG= (Ge-Gc> =33. 1 

[•c/cm] icg:^bfc„ fie.nfci>";=3>mtes«4 

©®(5gTiSe©^jb©«T-*S/c©;!)S. 011 (a) 
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0~3mm©tetlM-C-ffi«?>-CJ; < —'Sc{^X\<>i>Ciuifit) 
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[008 2] ^cfc, ^^mit. ±smmmmimm$ti 

©<#stit*©fflSH«:BBtS3 tifcSJISefJ.S.'Si WKia 

JS:S 4>©r*-5t: «>:*:^HJ©g^f5WKfflK:S^3 ns. 
[008 3] ±fBllS6}^SI«:4il,>T:». mMs 

fci O' 8 -<> 9^ ©-> D =J ^WjST s Ji^:c-3 # 

<!;«2giJi©^a«^l^©ll€:/^s < ^sgi±if»eftcisi 

B-rtiit, a:s8~i 6-f>5=^$)5t^tt^nm±©5^'; 
r3>wsB^tc^>^fflf#€,. sfc. ^^mxmm^wm 

{ciiR6nsfc©fijAj:<, ^iSfi. ^x:/fi^ia^*Enj]n 

T4-e©fl6©MC Z ffiK^>iSffl'C t -S C i ttS-? *-C 
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[04] *iei«©tga)i!ESai&4. teS*®«J!iBii)ttfil 
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[0 8] ^^HjcD^B^fiKsaift^. 
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[011] llt&0)|3 45J:^l:btSf^<:!>e{|^SSiiJ^«0 

(a) -.imm. 
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[012] MCZ£K:J:€>:4:%^<D«^S9l±^acie( 
[?9r#©i5iH^] 

i-fissmjss. 2-i^y=j>gs«> 3-®®, 4-@ 
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±mm. 3 1-?l±lf^. 3 2 - JU->#. 3 3-Jt/->jK 
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